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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a depth map 
sensor improved in measurement reliability in a case for 
obtaining depth in the same direction of an objective 
space with a grouped plurality of photosensitive parts. 
SOLUTION: The light source 2 irradiates the objective 
space with the light modulated with a modulation signal 
of prescribed interval, the phptodetection element 1 
takes images of the objective space, and the image 
formation part 4 obtains the depth to the object Ob from 
the phase difference of the modulation signals between 
the irradiation light from the light source 2 to the 
objective space and the reflection light reflected by the 
object Ob In the objective space and received by the 
photodetection element 1 . Each photosensitive part 1 1 
provided in the photodetection element 1 is controlled 
with the light receiving interval by the control circuit 3. 
Each photosensitive part 1 1 receives light during the 
light receiving interval synchronized with the different 
phase of the modulated signal. The image formation part 
4 is given with the accumulated charges for every detection interval being >1 period of the 
modulation signal from the light detection element 1 , the image formation part 4 determines the 
depth using the charges integrated for every light receiving interval for a plurality of detection 
intervals. 
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1) ~ C6) (Dm-^^i^^Lfcmmnm 2 3 ^ 2 m(Dmyt^^ I in. sgna^-by 
"^iz ^ 1 mmizMmr ^ o r^^^ \ mm-r-DtDmyt^ 1 1 tc ^ jts # r . ^ n ^' n ^a- 

[ 0 0 3 5 ] 

135 (a) (b)«^n^tlSiJ^miS2 3JCMLrSiJ®llIS§gP3*^5,M^§9]ia>'^^- 
y-e$iJffli«ffi+V^eri]fiPLfc4*c^ (i^®^*:S^li:|g-ttfc^^b^i.>S^«@i;^iJ®«@2 
3i:©P^tc*J'^«EE+V^ep*PLfc^)^HI) ^^UT:ioD. :^ > ^ n'F 2 4 (DJ^^t^ 
^t^i)^^ ^ iz. m 5 (a) T{ilIii^i:'S:^2<@<7)^^g|5l I (O o -^mmnm (1) ~ 

(3) iciEcr)^j'#«ji+v^En5!ip-r^i:iit^^, n K) (DMmmm (4) ~ ce) cd^-^cd 
fp^(DMmmm ( 5 ) tc ie o f^ij iip « be + v ^ En )!jo t t „ ^ fc. ^5 ( b ) xitumm 40 
^1 (1) ~ (3) CD d (D^^(Dmmnm (2) ti:iEo^ijifl«i±4-v^epip-r^i:i:t>ii: 
. (ommnm (4) ~ ce) iz iE<Dmmnm + v ^wtai^xi^^ ^ . ost). 11®*^ 
;ii^-r;i> 2f@cDS^gp 11 tcHi*p-r^S'j'#«jE+v<7)eri)!ip/^^->^3SsicAn^^Tv> 
So 2j®iD^^gpi itcg3ip-rsfij®m/± + vc7)mftp/^^->^An^As^'<^>'^^(4 
, mm m mz ^ if ^ m^im (D c *m s 0 a s ) ^ -r 5 > „ :jo . 

^ I I K^iftc 3 m<Dmmnm 2 3 izmmizummi± + v ^mtQLx^^^mmi^Amt. ^ 
^ 7t gi5 1 I K m if rc ^ (D I m (D mmmm 2 3 c-d^ o . mm mm c 2 ) ( 5 ) ) © 
sij p « i± + V ^ en ip L . # ^ij ® « @ 2 3 0 V n t f § o 

[ 0 0 3 6 ] 

fc t ^ii. I mm^mftit ^ 2 mcomyt^ I ijc^sv^t^^^saos A2tC)fc\f/iSfs 50 
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^mm^±!^r ^tcubK 3 m(Dmmmm en ~ o) icf^\]mm&+ w ^wijai^r 
ytmrsT yNic. mi5<Dmyt^^ 1 1 m^ytftm a 2 izn^-^-r ^nm^um-r Arabic 1 m 
(DMmmm ( 5 ) co ^m'mmi± + v ^bdijut ^ o mmizLx. - :^ cd s ^ 1 i x^^yt 
ytmAzizMJtst^m^^^f^r^rc^icsmommnm (4) ~ (e) icmmm}£+ v 

ui^ r ^ rob iz I m (D urn mm (2) ic(D^mmni± + v ^mmr ^ o s/c. ^ftytm a 
0. A zicmmr ^m^^^^t ^^^mmr w&L^iounmmxitmmmm (2) (5 
) ic(o^MmmEE + V ^mtar ^ o m 2 cb) cc) ^c^5t^«Ao. A2tc?^f£;-r?>m 
^^^m^f^i^to^M^m^ (1) ~ (6) wmns + y (D mm CD ^ ^ ^ > o 10 

H *3 v^ T f4 M ® m EE + V ^ EP An L T § ^ ^ ^ L . ^ a /b'^ M « H ( 1 ) ~ 

( 6 ) m i± ^ En in L T ^ v> M ^ ^ b T § „ 

[ 0 0 3 7 ] 

I mm^m^-r ^ 2 mo) I i K:i3\.^x ^ytyem a \ ^ a 3 icMj^^r ^mu^^itS. 
T ^m-^i^mmx^ ■:> X . ^ftytm a 0 . a 2 icmtr ^mm^^f^t titmmm 
m2 3 KM'mmf£ + V ^mtu-r ^ ^ ^ 5. y ^•fy'^. ^is^s^^D^iL^a^c:Jov^T9 0 mm^s^j^ 

ffi 51 -r § ^£ T s ^ o 

[ 0 0 3 8 ] 

^^ytm A 0 . A 2 {z^itT ^mm^Sii^-r ^mm t . ^ytytm A \ . Astc^tiS-rs 
mm^^f5^T ^mm t ^t. t t.{z^mm^<D i mm^i^A± (m^ l < limmmm^) (d- 20 
^mrsx^ 0 . c comm^mmmm t Lxmmm^(Dmmmm'7^(Dm^^mmMm^\^ I 3 

[ 0 0 3 9 ] 

^mmmmxits ^y^y^m a 0 izniz^^ ^m^^mmmm en ~ c 3 ) ic^^itt ^^r^ 
•T :y iy ^ 2 4 izmm-t ^ 1 1 ^ic^ftytm A 2 ict^jjL^r ^mm^mmmm (4) ~ 
(6) izMjJL^t ^ ^'t- y ^ jvn-p 2 4 izmmr ^mmmm^m^mmmLxmif . ^yt 
ftm A I izt^m-r ^nm^ummm en ~ c 3 ) 5^ § ^ > -^^ ;i/ # p 2 4 ^ 

^•rsi:i:*>tcg7l£7fe«A3tcMjS-r§a^^^^iJP«^ (4) ~ Ce) tc^jS-r^J^-rV 
i>^;P#p2 4t#^r§^tiimF^^^i!llHl3ll^LTiStt^i:v^9»{t^3^!9iI-ro 30 

0 . m 7 iz^.r ^ o iz^ ^ytytMA 0 . a 2 KMit^r ^mm^mmr ^mmmm s 1 1. 

s 1 2. t^ttiM^p^R 1 1. R 1 2. t^m^k^f^^mrmwmmp a ^yt 

7t«Ai. A3iz:^^s-r§^^w^^«-r§i^ti:5^p^s2i. S2 2. - - tmmmmR 2 

1^ R2 2. t^mm^m^mrmmmmp h t^^Mizm^^mi.. ^mnmm? a 

. p h tiz^^ytftm A 0 . Ai. A 2. A 3 izMjz^T ^mm^^n^'nmm-r iiL 

mm f (tL<tiJ?B^) ^A}<a6'5rll^tcii. ^alim^cD4-3(7)^S^@[c[W)^-r;g»^)t^P^T 

wizmm-t ^mmij^iHi'^x^ ^-fy-^ ^mmmmxit 2 m<omnmmp a . p b iz^i^^x 
'tn^nmnvrcnm(Dnmm^mi^xiiLmm Hz c^^ \. < its&m) (^mn^n o o ^mm 

mm S \ 1. SI 2. S2 1. S2 2. ^C$3l^Tif«r)^^^aA0. ai. a 

2 . A 3 izMi^^T ^m^^n^mmB^ I 3 ( 4-° 7^ > ;i/ ^ p 2 4 .) -r ^ s fifj 40 
^ss iH] Eg gi5 3 ^^'^ ^> s $ij 1® gi3 1 3 CO ^ j$ ffiij ®i iummm 2 3 izmtut ^mmnz^mm) r 

§Ci:tcJ:oT^iR-r^o ^^5. «^^P^Pa. P b izmU L fc M (Dmnm X it rj: < 

^i^m^mi^xmm^mni.x ^ ^1^0 

[ 0 0 4 0 ] 

ittB^^Rl 1. R12. R2 1. R2 2. IZ It . m ^ (D 4 -D (D IZ 

mm-r ^ ^ytmm T w (D^ytytm A 0 . ai. a2. a 3 iz ^ -t ^m^^ytmtim^ 1 
(D9i-^\^izmm.iiit] t Lxmo mto m. 0 m l tc mm. m tut m m ^ 4 iz :fo\.^x itimm ^ 
(Dmnizm^^ ibti. m^miz^mmizMit-^r ^mmy^miz^ur ^f^m.'^o h ^x<Dmm 

^ ib ^ c t t)^-s] m iz rj: :s> o 

[ 0 0 4 1 ]. 50 
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±^<DmTit 3 mommnm 2 3 c en ~ ( 3 ) ^rdt ( 4 ) ~ c e ) ) icmmicm 
tQT ^Mmnj^ t . I m(Dmmmm 2 3 c ( 2 ) i^rdt ( 5 ) ) icco^wmt ^mmmz 

F2 4 <D m ^ It m L < rj: X ^ o C(D m ^ . M m M 1± ^ BUllU L X ^jn^ ^\\ '0 M M 2 3 ( 

(1) (3) ^tcit (4) (6) ) ^c*3i/^T^^^n/c«^^{i. mmmommx n'sf- y 
^ 2 4 icmrij^ts o o^D. ^T^gpi I ^mf^r ^ 3 mcommmm 2 3 (D o (D \ 
mKcD^m'mn}± + V ^^\itut ^ n ticj:-:>xmmmm^ i 3 t Lxmmi.r\.^^mmt 

. 3f@0{|iiJ^mS2 3 0t-^rt^r^l|jE+V^EnAaLTV^^^^i:cDM^{C[W||i^<7)a 

con^ijm^j2<tSo -D-^K). n.m^uni.r\.^^^^'ryiy^)]ynw2 4{zmtijLtsm^^ 

[ 0 0 4 2 ] 

^iiT-s iii6^7Dj;9tc. ?^^iii{4i:^^2#ioj^)^gM \ \Lm.^i^ tc^ 3 m(o%\\'mmm ( 
1 ) ~ ( 3 ) ^tci^t ( 4 ) ~ ( 6 ) ^ ep *p -r s sij ® ^ i± . \ m(oM'mn.m ( 2 ) 

S/ti* (5) fc<?D^Enin-r§*"J^JPmffictDti^<^SJ:9^c^^L. -X'^m.(0 yf^ y iy ^ 
fVnW 2 4 ^ ^hm m (O t° r- y iy ^ 2 4 J; D t?li?<^^-r§cD?b^'H^LV^o 

fC. ii:LT«W (m?e) ^^^LTl>§d<7^>'S/-v;l/^tp2 4>S:. ii:LT«#0<* 
m ^ n X ^ y iy ^ Jl^R 2 4^K)'^m<t^<ltiZXK>. $'JtSilMjE%EP*DLTV> 
^V^3fiJ®«@ (1) (3) * fc « (4) (6) icMlit^T ^^\^iiLX^\^rcnUli. 

(D y iy -V 2 4 iciMtiji^^^r < rj: ;s> . oSO. m m mm 2 3 ic ~ ^ <d M m M !± 

+ V ^wmr ^m-BKitm-r ^ t . mm^uwr ^ y iy ^ jv^'f 2 4 izmnj^tsWB 20 
f^i^^is^mr ^ c tf}^x^ 

[ 0 0 4 3 ] 

±j^Lrcmxit. ^mwmm p a . p b lasi^^x 4 mm<DS:yeyem a 0 . ai, a 2. 

gf5 1 1 (7){i[BcD^imtc J; 5MM:^)^^Sn^ pJti'l4:6^fe§o < tc. ^ ^ 1^ O b © M 

^y^ytm A 0 i:^7t7^gA 2 i:tc?^jSf§^7^g|J i i ;^^©M^^:^?^gMS^i:-g^Lrv^ 
§ -rn «\ ^ i6 ^ n § Eg ^ CO It ^ T -r ^ cl i: ^c ?S: ;i> „ 

[ 0 0 4 4 ] 

m (1) ~ (3) K M mt ^ ^ r- y zy ^ J]y 2 4 KWrnr ^ t t ^ K^yt^tM A 2 \cn 30 

js-rs«i^^^j®)««i (4) ~ (6) KM jtsT ^ 7- y ^ 2 4 icwmr ^ t 
. ^yt^m A 2 iznit^r ^mm^mmmm (i) ~ (3) k n j^^r ^ r- y -y ^ )V 2 
4 Kwrnr ^ 1 1 K^ytytm A 0 KM HL^T ^nM^mmmm (4) ~ ce) jc^^/^^-T'S 
yf^ 7- y iy ^ 2 4 icmmr ^ Vim t . ^ytytmAiKMJtsT^nm^Mmmm (i) 
~ (3) KMf^-t ^^-f-yzy ^ 2 4 Kwrn-r ^ t tiiic^ft^MA 3 KMJt^-r 
^^mmmm (4) ~ ce) KMfii:s-r^^7-yi^^}]ynp2 4Kmm-r^^mt. 

«A3JC^ltvt-§®^^^*'J^m^ (1) ~ (3) KM J^^t ^ 7- y iy P^P 2 4 icmm 

t ^ t fi. K^^ytmA 1 KMJtr ^mm^mmmm c 4 ) ~ ( e ) tc^jst- § .i-'t^ 

^;V^p2 4^^:^^-r§^^SIi:cD4:K^|:S:^i3ge^^^:■©D^flAn«*c^:v^o #^^m^ 
r^cr~i:t::.^^1^^f«0|5l3tc^n^'n*Mt-§^M>&^S)^7^SAO. Al. A 2. A 40 

3 KM itt ^m^f)^ ^mmmKmtRT ^ (Dx ^ ^ o c (d m i"? ^ m f;) mt c t k ^ x . 4 
mmco^yemmT w (D^^ytm A 0 . ai. a2. a 3 tc^jsg-r 4 monisfg© 

mmwii'^x^mtimi' 1 <D^g{5(c«mm;'3i: tT^omt-ii inj^x^ 

[ 0 0 4 5 ] 

$^tc|¥U<IJJ0^t-§i:. Ifflft^^gM-eti. 08 (a) KTjkT J: ^ K. mmmm S l 
. S2. S3. S4c:'i:tC^ttrc^mmP^Rl. R2. R3. R 4 K t3 X iE ^ (D 2 

-Do^m^j: ^iiimKmmLrc^^mmT w Km-^-r ^_mm.ii!,ti^'^^mii!>m^ i *^p>-^^^n 

?>m^tts;'j*^4g^^Tfe5*^5.s^i±im^sis S2. S3, s 4 <D 4 m^<Dm^mti ^ m 
\,^xiiLmm$ C'^ L < itmm:) (omm^no . mmmxa. 4 m(Dmmmm s i ^ S2. so 
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S3. S4fc'J;a"^ttS^P^Rl, R2. R3, R 4 (D mm P 1 1: M O b ^ 1: (D i^mt)^ 
[ 0 0 4 6 ] 

±aiLfc^p^pitcti. m 8 (b) ic^.T J: o iz. ^^yem k 0 . a 2 mm^-r ^mm. 

m.ii!,tifi^m^n^2m(D^tiimmsi. s 2 t ^ n n <d ^ ytm a 0 . a 2 m ^ n 
fcmyt^^ I I fo^xtiixio o . mtc. ^ytytm A 1 . a 3 Kmmr ^mnrntiffm 2 
mo^m^^p^ss. s4TMi^n^*ncog^>^«Ai, a 3 ^ ntcm^u \ i xn 
Rt^^. ^ci-e. ^^ytMA 0 . A 2 icm^-r ^mm.mtj tf^m^n^ 2 ^(Difkmmm s 1 10 
. s 2 [cis\.^xn lb nrcm^mti (Dmwm fciiw-i^m) ^^ye^m A 0 ^ A2ci*i:ti: 
Mib. mtc. ^ytytm A I . a 3 m m r ^ mnm tuf m n ^ z ^ (d m mm m s 3 . s 
4 iz:io\.^x m ib tLfcm^mti (Dmnm tdt^i^m) ^^ytytm a i . a 3 n: t ic^ab 
r . 4 mcDmnm fcit^i^m) ^ ti^' n^ytytm A 0 . ai. a 2 . Astc+g^-r 
^m^cmi^^r (1) ^ common o o ^©cfc^^M^tcj:^. ^^ytytm a 0 . ai. a 
2 . a 3 ^ c> L fc M m m ^ ^ 1^ o ^ ^ gi5 1 1 (D am (Of tiiz ^ ^mmmm commit 

CD fg T ^ fS M -r § c ^ § o 

[ 0 0 4 7 ] 

^ *5 . L fc mmm m y ^ (D m i&m V it . ^ytytm a 0 . a 1 . a 2 . a 3 
r ^ 4 ^ (D ^ ytm m T w ^ m ^ (D i m m -c- am <d mm 9 0 mr-Dicrj: ;§> ^ ^ izm 20 
^ L T i/^ ^ ;!)^ mmmmzMT ^iiLmif'mm-x^tui 4 -DCD^ytm^T wit 9 0 mi^L^o) 

itm^^o sz-c. 4 -DCD^ytmmT w (D^ytytmizMit^Lrcmm cmmmti} ^^k> mr 

l*ITSn«\ ^I^^B^^DlMlffirtT4M^(DmMmt»^^Dm■riI<b:t>i5^T•^i^V^o 5 
5> fc. Pi 7^ ^ 0^. 7^ J; 5 ^ ^ a >t S 35 § i: ^ . 5il >^ jli 2 ^55^ |^ $ n i> ^ 
<D^ScD^;Srjgili^4±S^^:7^;b^r;&S)tg|5l I (D wUc^iMr ^ (D fo^W.^ L o 1215. 

0 6 ^ ffi V> T IJi L « fig fij TMi . ^ 5t g|? 1 1 3 fg] -f -3 3iiJ ^aJ m @ 2 3 >Sr ^ # 

T . W tt ^ 2 3 4 i;^ ± ^ ^ cfc 9 L r J; „ ^ /c. ± jZE O ^0 1? F T 7? 

7 (I T) -yv — K'^y'^-^^>(i/' h T (f i t) tmm(Dmm. 

[ 0 0 4 8 ] 

±}^Lrcmmmi:it. ^ ^ m ^ ^ i ^c fe- v^ r s n iri 12 ?ij l fc # 2 -r -d o ^ >t gi3 i 

l^T^i. mwma tfx^ 2 mcomyt^ 1 i iz^i^x ^ytytm a 0 . a 2 ^ rat^ytytm a 
I . A 3 icm-^T ^n%mtii)^m(bti^ ^ ^ izmmm^§]^3 K^i^x^mytu \ 1 co^yt 

nrz 4 -DCD^ytmmT w (D ^ 2 -DCD^ytmmT w (DmMmti^-mLxm^mLx\.^ 
^ (Dmf^izM Lx . mm m ic m^'i L fc ^ 4 m t' -D (D myt^^ \ i ^mmmuL t l . ^ 4o 
Mim^<DitmizmmLxm^~^ tifc 4 -D<D^y{:mmT (Dmm.mti:h''mnmiiL ttj: 
yt^ I I X m ^ n ^ ^ o ic ^yt^ \ i (o^ytmm t w ^mmr ^ c t t^^mx ^ ^ . c co 
m^icit. ^ytytm A 0 . ai. a2. a 3 iznitt ^ 4 ^(D^yemmi w (ommmti^- 

1 m<y)mmmmxm^iiir c tt^x ^ ^ o 

[ 0 0 4 9 ] 

^fc. ±^^Lrcmf^mxit. yt^mm^i^ i i^m ^ ti ^ ^ytytm a 0 . ai. a2. a 

mx ^ ^mm^i^ibx ^ ti"^^ mm^^^^ 4 x it^mmmmiz ^myt^\^ i 1 i: «d ^ m m 
ttffxti^ti. nn.tiiti^^i^ I m(Dmyt^ I i ici^s x mm ^ m ^ ^ (o ic 

j^sM^^^Tta a 0 . Ai. A2. A 3 Km^^r ^ 4mm(Dmmmt}ii^m^ti^t,^^. n 50 
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rcbbiz'^mmit t Lx ^ m^^]^ I I ■v^)tLrc^y^ytm A 0 . ai. a 2. aso^^c 

[ 0 0 5 0 ] 

[0 1 ] ^^m(Dmmmm^^^-r y u -y ^ mx^ ^ o 
[1112] m±(Dmi'?mmmx^ ^ o 

im 3] p±{i:ffiv>§7tl^tHm?(7:)^g[5cDi!){'p|^H^0-efe§o 

[i§i4] m±K m^^ ^ Ttmmm^o^mmx ^ ^ o 

[1215] i5]±ic^i>^7t^^i±i^^c>MBi5©i!jftiJB^i3-efe§o 

[|2l6]|q)±ti:^i/^§^^^m^?(7)SgptOi!i{^|{£0^iaT^§o 

[^7] m±(DWjwmmmx^ ^ o 

im m±coi^(Dmi'pm(DmY?mBnmx&^o . 

[ 0 0 5 1 ] 

I ytmrnm"?- 
2 

3 ©J ^ HI !^ 35 

4 H ft ^ fig g|5 

5 ^7^7^^!^ 

II ^T^gP 

o b ^t^mi^ 
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